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We propose to use pulsar-black hole binaries as a probe of gravitational collider physics. Induced
by the gravitation of the pulsar, the atomic transitions of the boson cloud around the black hole back-
react on the orbital motion. This leads to the deviation of binary period decrease from that predicted
by general relativity, which can be directly probed by the Rømer delay of pulsar time-of-arrivals.
The sensitivity and accuracy of this approach is estimated for two typical atomic transitions. It is
shown that once the transitions happen within the observable window, the pulsar-timing accuracy
is almost always sufficient to capture the resonance phenomenon.
I. Introduction
The study of elementary particles usually involves the
observation of collision events between accelerated par-
ticles. In the traditional high-energy physics, this is ac-
complished by colliders of ever-increasing size and scale
[1–4]. However, its limitations from the energy frontier
and the weak-coupling frontier motivate us to find pos-
sible alternatives elsewhere on the vast atlas of modern
physics. In particular, gravity itself is capable of do-
ing the heavy-lifting. Namely, when the particle mass
µ is close to the background Riemann curvature scale,
µ2 ∼ R, Schwinger-like effect tends to produce particles,
with detectable properties encoded in their later evolu-
tion. In the past a few years, indeed, various exciting
ideas aiming at testing particle physics in a background
gravitational field have been proposed and developed [5–
9]. For instance, the cosmological collider operates dur-
ing inflation with R ∼ H2 ∼ (1022−23GeV)2, and it serves
as a possible extension of the energy frontier [5–7].
More recently, Gravitational Collider Physics (GCP)
proposed in [9] operates near a Black Hole (BH) with
R ∼ (GMB)−2 ∼ (10−11eV)2 (for a solar-mass BH),
where MB is the BH mass. Since the interaction is me-
diated by gravity, it serves as a possible extension of
the weak-coupling frontier and a tool to probe ultralight
bosons such as axions. The basic underlying idea is as
follows. Around a spinning BH, superradiance instabil-
ity occurs when the mass of a boson is smaller than the
curvature scale, i.e., α ≡ GMBµ < 1. Then certain en-
ergy levels around the Newtonian potential of the BH is
abundantly populated via the instability, and this com-
bination of BH and bosonic cloud is often referred to as
a gravitational atom. For an isolated BH, the bosonic
cloud simply grows via superradiance and depletes via
Gravitational Wave (GW) emission, without much obser-
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vational effects. However, when coupled to a binary com-
panion, the gravitational mixing effect can trigger atomic
transitions between different energy levels, in the form of
Landau-Zener resonances. The backreaction to the bi-
nary system produces floating or sinking orbit which can
be observed using GW detectors such as LIGO, LISA
and PTA as a distinctive frequency/period dependence
fGW(t) = 2f(t) = 2P (t)
−1.
While GCP is initially proposed for binary BHs and
GW detectors, we point out that this is not the only ob-
servation channel. As the gravitational coupling is uni-
versal, the same resonances should still happen if the
binary companion of the BH is replaced by any other as-
tronomical object with similar mass. In particular, the
binary companion can be a pulsar (PSR). Moreover, the
resonance phenomenon is, by itself, irrelevant to the emit-
ted GW, therefore, we are not restricted to observing
GWs only. It is known that the timing accuracy of pul-
sar binaries can be high enough for the indirect detection
of inspiral-phase GWs [10], long before LIGO directly ob-
served the first merger event [11]. As a result, observing
a PSR-BH binary through ordinary electromagnetic wave
channel serves as an alternative direct probe of GCP.
Although there has not yet been any observation of
PSR-BH binaries, and the estimated number of such bi-
naries within our Galaxy is limited [12, 13], we argue
that as long as there is a clear detection of PSR-BH pair
with suitable mass ratio and orbital period, the timing
of the orbital phase using Rømer delay is almost always
accurate enough to probe the GCP resonance. With the
rapid technological advances in radio astronomy in the
recent years [14–16], we expect this PSR-BH-radio chan-
nel to be an important channel for probing gravitational
collider physics.
Note that there are existing studies on the physics of
ultralight bosons with PSR-BH binaries. For example,
[17] aims at detecting outspirals caused by the fast en-
ergy loss of boson clouds via GW radiation, while [18]
focuses on the change in the orbital period derivative due
to an extra Yukawa-like force mediated by the boson. We
stress our proposal is based on the resonance backreac-
tion mechanism of GCP and is of a different origin from
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2those in the literature. In reality, all three effects may
be present and need to be thoroughly investigated. We
leave such extensive studies to the future work.
This paper is organized as follows. First, we give a
lightning review of GCP in Sect. II. In Sect. III, we ex-
amine the sensitivity of radio telescopes to pulsars and
compare them with that of the GW detectors. We also
study the timing accuracy of PSR-BH binaries. Then
in Sect. IV, we estimate the detectability of GCP reso-
nances via the PSR-BH-radio channel. We conclude in
Sect. V. Throughout this paper, we use natural units and
set ~ = c = 1.
II. A brief review of GCP
In this section, following [9], we briefly review the basic
elements of gravitational collider physics and collect the
useful ingredients for later usage. The starting point is
an isolated Kerr black hole and a light boson field. For
simplicity, throughout the paper, we treat the ultralight
boson as a scalar field. For low-energy bound states near
the BH, the scalar field is effectively non-relativistic and
satisfies the Schrödinger equation
i∂tψ(t, ~x) =
(
− 1
2µ
∂2~x + V (r)
)
ψ(t, ~x) , (1)
where V (r) = −αr + O(α2) is the Newtonian potential
with relativistic corrections and α ≡ GMBµ is the gravi-
tational fine structure constant. Solving the above equa-
tion using in-going boundary condition at the BH horizon
gives complex-frequency modes, indicating superradiance
instability that can lead to the formation of a boson cloud
around the BH. More specifically, these modes are labeled
by their principle quantum number n, angular momen-
tum quantum number l and their azimuthal quantum
number m (e.g., |nlm〉). We are concerned with two of
the leading growing modes, |211〉 and |322〉. These two
energy levels grows and depletes over a time scale
T
(growth)
211 ∼
106 yrs
a˜
(
MB
M
)(
0.012
α
)9
T
(deplete)
211 ∼ 108 yrs
(
MB
M
)(
0.053
α
)15
(2)
and
T
(growth)
322 ∼
106 yrs
a˜
(
MB
M
)(
0.08
α
)13
T
(deplete)
322 ∼ 108 yrs
(
MB
M
)(
0.18
α
)20
. (3)
Here a˜ . 1 is the dimensionless BH spin.
Now we can introduce a binary companion to exert
periodic gravitational perturbation on the scalar cloud.
The perturbation can be decomposed into different multi-
pole components, each capable of inducing resonances in
the cloud that take the form of Landau-Zener transitions.
For quasi-circular equatorial orbits, energy conservation
and selection rule gives the orbital period during a Bohr
transition a→ b as
Pr = 2pi
∣∣∣∣∆mab∆Eab
∣∣∣∣ , ∆Eab = µα22
(
1
n2a
− 1
n2b
)
, (4)
where ∆mab = mb−ma is the change in azimuthal quan-
tum number. The width of the resonance is
∆Pr
Pr
= 2Rab
q
1 + q
, Rab . 0.3 . (5)
During the resonance, the impact on the orbit modifies
the changing rate of the orbital period by a factor,
P˙ = −96
5
(2pi)8/3(GMB)
5/3 q
(1 + q)1/3
P−5/3 × 1
1± δ ,
(6)
where
δ =
∆tc
∆t
' 1
4
(1 + q)4/3
q2
( α
0.07
) Sc,0
M2B
(7)
represents the backreaction. Here Sc,0 is the initial an-
gular momentum of the cloud (see Table 1 in [9]). ∆t is
the original resonance duration and ∆tc is the extra res-
onance duration caused by backreaction. Positive sign in
(6) gives floating orbit while negative sign gives sinking
orbit. Thus the total resonance duration is ∆t±∆tc.
The physical picture is also quite simple. The atomic
transitions are accompanied by energy exchanges be-
tween the cloud and the binary companion. For ∆Eab <
0, the cloud releases its energy so as to cause the binary
companion to sink more slowly, hence the name float-
ing orbit. On the other hand, if ∆Eab > 0, the cloud
drains energy from the binary companion and the com-
panion sinks faster toward the center, and thereby follows
a sinking orbit. These floating/sinking orbits possess dis-
tinctive deviations from the orbital period derivative pre-
dicted from General Relativity (GR). This is the charac-
teristic feature of GCP. Furthermore, observing multiple
resonances successively can even help to coin down the
detailed evolution history and distinguish bosons with
different spin.
III. Sensitivity and accuracy
A. Radio sensitivity
In order to examine the detailed PSR-BH binary dy-
namics, one has to be able to see the pulsar first. The
intensity of electromagnetic wave emitted from a pulsar
decays with the luminosity distance dL according to the
inverse-squared law [19]. Therefore, the radio flux den-
sity at the telescope is
S =
Lν
d2L
, (8)
3where Lν is the pseudoluminosity of the pulsar [20]. For
our purpose, the observable pulsars are relatively close,
i.e., dL . 104 kpc, hence we can treat the spacetime
to be flat and static. Typically S is smaller than the
background noise, so it is difficult to observe individual
pulses. However, noise can be reduced by averaging many
pulses over an integrated time and over different frequen-
cies. The minimal flux density after such pulse folding
technique is given by [19]
Smin =
σβ√
Np∆νtint
(
w
τ − w
)1/2
Tsys
G
. (9)
For instance, in the case of FAST, σ ∼ 9 is the signal-to-
noise threshold ratio, β ∼ 1 is a factor due to digitization
loss, Np = 2 is the number of polarization channels, ∆ν ∼
700 MHz is the bandwidth, Tsys ∼ 20 K is the total noise
temperature, G ∼ 26.5 K/Jy is the antenna gain. Then
for wτ ∼ 0.05 and an integration time tint ∼ 120 s, the
minimal flux density is Smin ∼ 0.0038 mJy [21]. We
require S > Smin such that the pulsar itself within the
binary can be detected by a radio telescope with suitable
Smin.
For comparison, we also consider the GW channel for
a PSR-BH binary. The amplitude of the GW signal can
be written as [22],
h =
4
dL
(GMB)
5/3 q
(1 + q)1/3
(pifGW )
2/3
, (10)
where q = MPMB is the mass ratio between the pulsar and
the BH. Detection in the GW channel requires its ampli-
tude to exceed the characteristic strain, namely h > hmin.
We choose a typical set of parameters for the PSR-BH
binary and plot the sensitivity of both the GW channel
and radio channel in Fig. 1. As is clear from the plot,
the radio channel is not much dependent on the binary
period, except for the cutoff at pulsar rotation period
τ . Its sensitivity is more dependent on pulsar properties
such as pseudoluminosity as well as distances. Although
the signal-to-noise ratio quickly decreases as d−2L , pulsars
with exceptionally large pseudoluminosity can still fall
inside the sensitive region. As an example, dL = 1 Mpc
and Lν = 104 mJy kpc2 gives S ∼ 10−2 mJy, which falls
within the sensitive region of FAST. For short-distance
pulsars (dL . 102 kpc), observations in the radio channel
can also be complementary for the blind regions of GW
detectors.
B. Timing accuracy
We now estimate the timing accuracy of PSR-BH bi-
naries. In this subsection, we assume traditional general
relativity. The analysis of GCP resonances are left to the
next section.
The orbital period is traditionally determined from the
periodic Rømer delay of the pulsar. In the computation
FAST
MeerKAT
Arecibo
dL=1 kpc
dL=10 kpc
dL=100 kpc10-10 10-7 10-4 0.1 10010-6
10-4
0.01
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100
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Figure 1. Sensitivity of the GW channel vs sensitivity of the
radio channel for a PSR-BH binary. Three different distances
typical among the observed pulsars are chosen for compari-
son. They are plotted using solid, dashed and dotted lines as
labeled in the figure. The GW sensitivity curves for LIGO,
LISA and PTA are borrowed from [23]. The minimal radio
flux density for Arecibo, MeerKAT and FAST are taken to
be 0.2, 0.017 and 0.0038 [19, 21, 24, 25]. Other parameters
are chosen as MB = 1.4M, q = 1 and an average pulsar
pseudoluminosity at 1.4 GHz, L1400 = 1 mJy kpc2. The high-
frequency cutoff of radio telescopes at fGW = 2×103 Hz is due
to the requirement 1 ms . τ < P = 2f−1GW in order that mea-
suring orbital period through Rømer delay is possible. Notice
that line segments that lie within the LIGO frequency are
thus excluded. But this exclusion is only for solar-mass BHs
with MB = 1.4M. For BHs with different mass parameters,
or for resonance happening at different frequencies, the LIGO
bound can be evaded. This is the case for GCP resonances
that we consider in Sect. IV.
of Time-of-Arrival (TOA), there are several delays of dif-
ferent origins. Schematically, the orbital delay consists
of three parts [26],
∆orbTOA = ∆R + ∆E + ∆S . (11)
Here ∆R is the Rømer delay that represents the time
lapse of light traveling across the binary orbit. ∆E is the
Einstein delay due to the general-relativistic time dila-
tion within the PSR-BH gravitational field. ∆S is the
Shapiro delay which is the extra time for light propa-
gation in a curved spacetime. Usually, ∆E and ∆S are
orders of magnitude smaller than the geometrical Rømer
4delay, but they can still be measured if the TOA preci-
sion is high enough. Then the standard procedure to ob-
tain information of the binary is by fitting a given model
and minimizing the time residuals using programs such as
TEMPO2 [27]. The mass of the pulsar and its companion
can be determined from measuring two of five standard
Post-Keplerian (PK) parameters, while measuring more
than two PK parameters yields a test of general relativ-
ity, since the system becomes over-determined [26].
In particular, of the five PK parameters, the orbital
period derivative can be directly measured through a
recording of the orbital phase shift, or equivalently, the
periastron time shift. The periastron time shift is defined
as [28]
∆P (t) = t− P (0)
∫ t
0
1
P (t′)
dt′ . (12)
At a short time scale, P (t) can be approximated by a
linear function P (t) ≈ P (0) + P˙ t, with [29]
P˙ = −96
5
(2pi)8/3(GMB)
5/3 q
(1 + q)1/3
P (0)−5/3 . (13)
Under the linear approximation, the periastron time shift
is simplified to be
∆P (t) =
1
2
P˙
P
t2 . (14)
In order to probe the orbital period change due to GW
emission, we need to make sure that the uncertainty of
∆P (t) measurement is smaller than the cumulative peri-
astron time.
The uncertainty of periastron time measurement is de-
cided by the single-measurement error and the number of
independent measurements. Assuming one can continu-
ously track a pulsar for some time tobs ' 10 hrs every day,
the single-measurement error comes from phase measure-
ment error in one orbital period and the number of orbital
periods within one independent measurement, which can
be expressed as τmin(tobs,t)/P . We assume the measure-
ment lasts once per day for some time t < Tobs, then
the number of independent measurements is dt/1 daye,
where Tobs is the maximal observation time and de is the
ceil function (e.g., d0.1e = 1). The uncertainty of perias-
tron time shift is
σ∆P =
1√dt/1 daye τmin(tobs, t)/P . (15)
To achieve a timing accuracy high enough for probing
orbital decay due to GW emission, we must have
|∆P (t)| > σ∆P . (16)
This crude estimation agrees with the t−5/2 scaling be-
havior for the P˙ measurement error [30]. In addition,
accumulated decrease |P˙ Tobs| should follow |P˙ Tobs|  P
so that the orbital period decrease is still linear. We also
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Figure 2. Upper panel: Feasible region for pulsars with dif-
ferent rotation periods, with the maximal observation time
fixed to be Tobs = 10 yrs. Lower panel: Feasible region for
different maximal observation times, with pulsar rotation pe-
riods fixed to be τ = 59 ms. In both plots, the pulsar mass
and eccentricity are chosen to be MP = 1.4M and e = 0.6.
These parameters match those of the Hulse-Taylor pulsar PSR
B1913+16, which is itself labeled by the golden pentagram.
require that the pulsar rotation period is smaller than
its orbital period. To observe at least one orbital period,
the orbital period cannot exceed the maximal observa-
tion time, too. These are the constraints to make our
estimation valid. Therefore, we pose the following con-
straints, ∣∣∣∣∣12 P˙P t2
∣∣∣∣∣ > 1√dt/1 daye τmin(tobs, t)/P ,
|P˙ t| P , τ < P < Tobs . (17)
Notice that the auxiliary variable t should be integrated
out. Namely, we take the union of allowed parameter
regions for different 0 < t < Tobs.
The resulting estimation of timing accuracy with re-
spect to f = P−1 and MB for different τ is plotted
5in Fig. 2 . In addition to astrophysical BHs, here we
allow the possibility of Primordial Black Holes (PBHs)
with masses smaller than the astrophysical BHs. The left
edge of the feasible regions on the f -MB plot represents
timing accuracy inadequacy. Therefore choosing pulsars
with shorter rotational periods or extending the maxi-
mal observation time, as expected, can help to achieve
better timing accuracy. The right edge of the feasible
regions represents linearity constrains and the validity of
our method, namely orbital period must be long enough
to leave Rømer delay signatures. In addition, the tim-
ing accuracy estimation shows for BH mass lying within
10−6M < MB < 106M, the accessible frequency range
is approximately 10−7 Hz < f < 103 Hz. Notice that this
restriction on frequency range cannot be obtained from
inspecting radio flux density alone in Fig. 1.
IV. GCP via PSR-BH binaries
Now we move on to the detectability of GCP reso-
nances by PSR-BH binaries. The underlying idea is iden-
tical to that of the Hulse-Taylor binary pulsar. The only
difference here is that the binary period evolution may
deviate from that predicted by general relativity alone.
In particular, the periastron time shift no-longer follows
(13) and (14). In the narrow resonance case where dif-
ferent atomic transitions are well-separated, we can ap-
proximate the period derivative as
P˙ =− 96
5
(2pi)8/3(GMB)
5/3 q
(1 + q)1/3
P−5/3
× 1
1± δ ×Π(P−Pr∆Pr )
, (18)
where Π is the Heaviside-Pi window function. To show
the qualitative change in the periastron time shift, we
solve (18) for some typical parameter choices and plot
the result in Fig. 3. The detection of periastron time
shift evolution of this type can be regarded as a potential
GCP signal.
A. Floating orbit: |322〉 → |200〉
In order to study the allowed parameter space of this
PSR-BH-radio channel, we need to pose several con-
straints. Let us first focus on the floating-orbit reso-
nance |322〉 → |200〉. First, the requirement of fast cloud
growth and slow cloud depletion gives [9]
(C1): T (growth)322 . 106yrs, T
(deplete)
322 & 108yrs . (19)
Second, the resonance orbital period should be larger
than the rotation period of the pulsar but smaller than
the total observation time, i.e.,
(C2): τ < Pr < Tobs . (20)
GR|322〉→|200〉
0
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-10
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Figure 3. Upper panel: Orbital period as a function of
time during a floating-orbit resonance |322〉 → |200〉. Lower
panel: The deviation in the periastron time shift due to this
resonance. The gray region represents the total resonance
time ∆t + ∆tc. The parameters are chosen as MB = 4M,
MP = 1.4M, α = 0.1, e = 0. The resonance period under
this set of parameters is Pr = 3.6 s.
Third, the Bohr radius r0 of the boson cloud should be
smaller than the distance between the pulsar and the BH,
in order that the pulsar stays outside the boson cloud,
(C3): r0 =
GMB
α2
< R, with
R3
P 2r
=
GMB
4pi2
q
1 + q
. (21)
Combining the above equation with (4), this third cri-
terion reduces to a simple constraint on the mass ratio,
q > 0.0012. For a pulsar mass MP ' 1.4M, this gives
a bound on the maximal BH mass MB . 1.2 × 103M.
At last, we require the deviation in the periastron time
shift to be larger than the timing accuracy,
(C4): |∆P |GCP −∆P |GR| > σ∆P , (22)
∆P |GR and ∆P |GCP are computed using (13) and (18)
respectively. In addition, if ∆t+ ∆tc < Tobs, it becomes
possible to detect a full resonance during our maximal
observation time.
Combining the above four constraints, we plot the
available parameter region in Fig. 4. Clearly pulsars
with shorter rotation periods can reach wider parame-
ter spaces. In fact, the timing accuracy constraint (C4)
is looser than the Rømer delay constraint (C2). This
means as long as the measurement of orbital period us-
ing Rømer delay is possible, the timing accuracy of the
6PSR-BH system is always enough to capture the extra
periastron time shift due to GCP. This is not surprising
since for a generic parameter choice in Fig. 3, the pe-
riastron time shift is on the order of days, a significant
amount of deviation for clocks so accurate as millisecond
pulsars.
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Figure 4. The feasible region for α, MB and different pulsar
rotation periods τ in the floating-orbit resonance |322〉 →
|200〉. The other parameters are chosen to be MP = 1.4M
and Tobs = 10 yrs. The shaded area is where ∆t+∆tc > Tobs.
Thus we cannot observe a whole resonance for the shaded
region but a significant deviation from GR prediction is still
detectable.
We also need to consider the likelihood of detecting
a GCP resonance. The absolute probability depends on
the number of PSR-BH binaries in the galaxy as well as
their distributions of mass, rotation period, luminosity,
etc. In [13], a population synthesis calculation shows that
the number of PSR-BH binaries in the Galactic disk is
around 3-80, of which 10% may be observed by FAST.
However, their estimation rests upon many assumptions.
For example, it is assumed that all PSR-BH binaries have
an astrophysical origin, rather than for example, scenar-
ios involving PBHs captured by pulsars. Therefore, to
reduce these uncertainties and simplify the discussion, we
try to examine the conditional probability of GCP dis-
covery within Tobs, given the fact that a PSR-BH binary
with mass MB , MP and initial period Pini has already
been observed.
As a further simplification, we fix the pulsar mass to
be MP = 1.4M. Thus there are five free parameters
left, i.e., α, MB , Pini, τ and Tobs. We can fix two pa-
rameters (τ and Tobs) and integrate out α to obtain a
two-dimensional region, out of which GCP detection is
excluded. This amounts to a 2-d projection of a 3-d slice
of the 5-d region in the parameter space. To observe
GCP transitions, Pini cannot be too large or too small,
namely during the total observation time, P (t) solved
from (18) with an initial value P (0) = Pini must at least
reach the resonance band. Therefore, the criterion to see
the resonance is given by
(C5): Pini > Pr − 1
2
∆Pr, and P (Tobs) < Pr +
1
2
∆Pr .
(23)
Now combining (C1−C5), we can obtain a shaded area
on the fini-MB plane, within which GCP resonance de-
tection is possible. In Fig. 5, we choose different values
of τ and Tobs and plot this region together with that
obtained considering GR effects and timing accuracy in
Sect. III
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Figure 5. The dark shades show the initial orbital frequency
fini and BH mass MB that can possibly leads to detection of
the |322〉 → |200〉 resonance within Tobs of observation. On
the upper panel, we pick Tobs = 10 yrs and change the pulsar
rotation period τ . On the lower panel, we pick τ = 0.1 s
and change the maximal observation time. The light opaque
shades are for testing GW emission alone as obtained in Fig. 2.
As can be seen from Fig. 5, the GCP-feasible region
lies well-within that of GR tests. Furthermore, the left
7edge representing the pulsar-timing accuracy frontier is
far from the GCP-feasible region. This confirms again
that the timing accuracy is adequate for probing the GCP
resonance.
B. Sinking orbit: |211〉 → |31−1〉
Now we turn to the analysis of the sinking-orbit res-
onance |211〉 → |31−1〉. In this resonance, the boson
cloud drains energy from the orbiting pulsar and the res-
onance can easily become non-adiabatic (also known as
the kicked orbit [9]) if δ > 1. In contrast, the adiabatic-
ity in the floating orbit case is enhanced. The analysis
of a non-adiabatic atomic transition is beyond the scope
of this work. Henceforth, we choose to impose a further
constraint on the adiabaticity of the resonance,
(C6): δ =
∆tc
∆t
< 1 . (24)
In addition, (C1) is now changed to
(C1’): T (growth)211 . 106yrs, T
(deplete)
211 & 108yrs . (25)
Combining (C1’), (C6) and (C2−C4), we obtain the al-
lowed parameter region for this sinking orbit case (see
Fig. 6).
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Figure 6. The feasible parameter region for α, MB and differ-
ent pulsar rotation periods τ in the sinking-orbit resonance
|211〉 → |31−1〉. The other parameters are chosen to be
MP = 1.4M and Tobs = 10 yrs. The shaded area is where
∆t+∆tc > Tobs and we cannot observe a whole resonance for
this shaded region.
As a result, in this sinking-orbit case, the fine struc-
ture constant α is smaller than that in the floating-orbit
case by approximately an order of magnitude. The BH
mass is also limited to MB . O(10)M by (C6). This is
because the cloud energy increases with BH mass. The
energy extracted from the pulsar would be too much for
its orbital motion to be adiabatic.
The estimation of the conditional probability of reso-
nance detection after observing a PSR-BH binary with
MB , MP and Pini is analogous to that of the floating-
orbit case. The result is plotted in Fig. 7.
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Figure 7. The dark shades show the initial orbital frequency
fini and BH mass MB that can possibly leads to detection of
the |211〉 → |31−1〉 resonance within Tobs of observation. On
the upper panel, we pick Tobs = 10 yrs and change the pulsar
rotation period τ . On the lower panel, we pick τ = 0.1 s
and change the maximal observation time. The light opaque
shades are for testing GW emission alone as obtained in Fig. 2.
Again, timing accuracy proves to be not an issue for
this sinking resonance case. Note that interestingly, in
the lower panel of Fig. 7 , the detection probability seems
to be not sensitive to Tobs, with one day’s observation
giving almost the same range as a decade’s. This does
not, however, imply that increasing observation time is
ineffective, because this shaded region is merely a pro-
8jection onto the fini-MB plane. What one can safely
deduce is that out of the shaded region, GCP detection
is unlikely. Yet for an observed binary lying within the
shaded region, whether GCP resonance can be finally de-
tected depends on the unknown probability distribution
function of α. For a fixed (but unknown α), increasing
Tobs surely enhances the detection probability.
V. Conclusion
In this paper, we have pointed out an alternative way
to probe GCP resonance other than the original BH-BH-
GW channel. Namely, one can look at the PSR-BH-radio
channel, using the same underlying methodology as that
of the indirect detection of GWs from the Hulse-Taylor
binary. The only difference is that here the GCP detec-
tion would be a direct one. The Rømer delay measure-
ment is straightforwardly translated into the measure-
ment of the orbital period. The accumulated periastron
time shift can deviate from that of the GR prediction in
the presence of a GCP resonance. We examined the sen-
sitivity and timing accuracy of this PSR-BH-radio chan-
nel and found that for observedMB and Pini lying within
the feasible parameter regime, the likelihood of GCP res-
onance detection is not limited by timing accuracy, but
only by the unknown probability distribution of α (or
equivalently, the boson mass µ). This suggests that the
pulsar-timing accuracy is always enough to capture the
resonance phenomenon.
Roughly speaking, the PSR-BH-radio channel can
cover BHs within mass range 10−6M < MB < 103M
and initial period within 10−3 s < Pini < 103 s. This
translates into a possible coverage range of boson mass
10−14 eV < µ < 10−6 eV. The shortcoming of this chan-
nel is that the current observable range of radio telescopes
is mostly limited to our own galaxy. However, the fast
developments of radio astronomy in the recent years pro-
vides hope for future observation of pulsars outside the
galaxy, possibly also PSR-BH binaries.
We note that one very important aspect of GCP is to
observe multiple transitions, which is not studied in our
present work. The frequency ratio between two sequen-
tial resonances is a rational number that is only deter-
mined by the transition quantum numbers. Determining
these frequency ratios is vital for breaking the parame-
ter degenerates. Therefore, a careful study of observing
multiple resonances via the PSR-BH-radio channel is nec-
essary in the future.
We have discussed the observation of GCP from pul-
sar signals only. If aligned with gravitational wave sig-
nals, we should have a better chance of observing GCP
transitions. For example, if the gravitational wave detec-
tors can locate the position of the PSR-BH system, that
will allow the radio telescopes to point to the right direc-
tion to search for this PSR-BH system and the associated
transition events.
Another interesting aspect is that allowing the possi-
bility of PBHs also calls for a new mechanism of PSR-BH
binary formation. Namely, instead of starting with a bi-
nary star system, a pulsar can capture a light PBH, thus
forming a binary. Therefore, the detection of GCP reso-
nances with MB . M can serve as an evidence for the
existence of PBHs. In this regard, we can consider GCP
both as a probe of ultralight bosons and as a smoking
gun for PBHs. We leave the study of such a dual picture
to future works.
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